)38 2 #f  Acta Phys. Sin. Vol. 61, No. 3 (2012) 034206

)

PR

o = B A A TS i AR

WEBE DRt %hFEH HEB
(B REEYHERE, G 264000)

(2011 4F 3 A 7 A3, 2011 48 4 A 19 Al EIE SR )

KB B, 5 B SRS R 5 1 N B =B S A K R 2, 4 T AR e I TR AL AT e LA 4,
FHEI T ARG 2 R BN 1) (OB G R &5 SRR, 2 dRahil Rl BRI N, —BUEIA AL T2 9840 T35, JF HLAT LU
AR A QAT 200 g5t T IUD AR =R QAT T2, IXLe & A AR AN 5, IX LML A 1 780
PRIL T S AR Bl 32 S A EL A AR EL 52 . S8 2 R0 m] 2 A AT T 25 (K S 3 e 4R 4L 1 B2 i B (.

KRR ARG T2, ARSI R
PACS: 42.50.Dv

L ME YGRS TS EHE
S5) W AR ] %, AU T TR R T SRR
M A R R X, 1 H 2 s U/ — 2L Hi vy
A R (R AR BT BT I 1520 1R,
A AR B R A TP N e 4 A AN
AR . KRR BRI KR T
SERVSE TS T N &% IR DR dn b, AT A28 i
A A B A OIS — LB ki, il B e
By (¥l o i 1 A A R P A 2 i fry e A 3T,
MR I 8Os b 2 AL A A =k 1 K
RIE B R b AR A (B T A S RN GEAH T
&) R Bl s RS VO = R gUE ik
YA EL AR AR L QA2 O], s R 4 A
T 1 2%

HAT YRN8 A A il 5 AR 22 i 2 () e
SEVSAAS) Jr A A O U3, SOk [2] 7620
T3 B A RS DL T I A e Bl i =
O T A AR T 25 ) P AR AT TR, e 4 2
TG 7. ASCBAT 23710 B iAo
1 SR B K =R rh 2 QA T A I AR AT T
WEFE, AL AR T2 1 7 A ] LU P ), 302
A AR SE R ST . RAAD BRI R T
TR, XTI AR R S I R =R N

1 E-mail: qzj58314@yahoo.com.cn

©2012 T EYEZFS Chinese Physical Society

PRI ARGE, 45t T AR GUIR IR RIS A 57T X HAR e,
33 T RGNS R AR IN T AL SR, THE T4
P BN AR BRI B 2, v W =B Ak T
AN EAN T2 T HL AT DU A2 AN ) 21 280 T 2 7 A
T AR = BEA GEAN T35, XL AT
ANFRIFIAL R 7, IXSEARAL A7 78 0 AR B T 37 A i
3G AN LA HIAAT LR, JX L8 45 R o n] 4
PEAN TS SR s e it 1T S S PR A

2 A Guwy B IEE B R

& — AN SRS BT (R 3014 5 AR R A
BN wy, WEFIEIRT) 55N I BRI H 1
MRG, W MERPIERXRN w; = jwi (j =
1,2,3), W% & Ge s aifii gy -3

H = hw; (afay +2a3 as + 3aas) + hwp,b™b

—hg1 (af ay + 2a3 as + 3aF a3)

(b+b"), (1)
LH af (a1)s a3 (az) Bl af (az) 73 A1
i B 2 BIRNES 3 B A (%) FATF, bF(b)
FEMRN wy, WP T 108 GRE) 54,
5y = [ R HIE, m RS
MR, § = 1,2,3) BSR4 F G
2% R G I A AT N

http:/ /wulizb.iphy.ac.cn

034206-1



)38 2 #f  Acta Phys. Sin. Vol. 61, No. 3 (2012) 034206

U (t) _ efﬁH t_ e—i[wl(a1+a1+2a2+a2+3a§“a3)+wmb+b—g1(afa1+2a;a2+3a;a3)(b+b+)] t. )

A1 = Wi /Wm, €2 = g1/wm, HFIH Glauber A Glauber 2 EET/HZU) iﬁ;ﬂ@ﬁﬁ
S _ —1C1 (JL1 a1+ a2 az+3agz az)wmt
A (AP = edePeABI2) TG (2) Rk Ult) = s
U (t) :e—lcl (‘11 a1+2a2 az+3ag ag)wmt « ><elcz (a1 a1+2a2 az+3ag ag) (Wmt—sin wypt)

e—i [b+b—cz (a;r a1+2a3 as +3a; a3) (b—}—b+ )} Wt x e (afal +2a3 az+3ag a?’) (nb+ -n* b)

(3) Xeflerbwm (8)

BINAESEA T = o2 (o7 a1 +203 axt3ag as) (b7 ) X =1—etomt (8) AR LLZHE AL
¥ (3)EW3§JQI_JHTE/1?@T7E/1§'@ T+, 3R B-H 2 {1 B TS A A

=
1
A
= BB gl ) 3 % Gutly A B B 9 A % R
+§[A7 [Av [Aa B]H +A7 (4) SN, . N o
" ! PSR =AM B A B TAHIE RS o),
TU (t) T+ =e i1 (of ar+2a5 as+3a3 as Jumt )y, AN | az) g, AFAVRARA TAIT S 15),,, H
- (oot 2ut s ) AT 10, IR SIS
. % (0)) = laa) g, lao)y, las) s, 1B (O
© ) RAURTA S Fock ARSI RN
¥ (5) BRI o T+ A T 7 e o}
U(t) :e*icl (afa1+2a;a2+3a3+a3)wmtx |051>f1 =e 2™ TLZO \/ml >
icg a}La1+2a§La2+3a§rﬂ3 2Wmlﬁ 1 2 >
e Jlontx jag)y, = e dlo=l 37 22
ec2 (a1+a1+2a2+a2+3a3+a3)(b+—b) % b—0 \/]-{77
o d
e—ib"‘bwmte—C?.(afa1+2a§ra2+3a3+a3)(b*—b). |a3>f3 — o Llas|? Z % |d>f3 ’
d=0 :
(6)
¥ (6) X ATIIAT T eib‘*‘bwmte—ib‘*'bwmt, HFH @) =t |5>m _ o I8P Z
{ﬂ: : + + + — eﬁbJr*ﬁ b |0> (10)
U (t) _ e—1cl (a1 ai1+2ay azx+3ag ag)wmt m
><elcré,(a1 a1+2a2 az+3ag ad) Wmt |7L> |k> %l—l |d> %EUZEE;'ELZJ/‘* 1 *ﬁ 5 2 *ﬁ%”
ca(afar+2af az+3a3 as)(bT—b) %3 *jEéE/] FOCk o > A |0> 539 51 Fock
ey ACEE AL RGO WA 8) AT
Xe—c2(a1 a1+2ag az+3ag as)( e —be ) %éﬁﬁ/‘]?ﬂ,u (9) ;EEJ:, ﬁ%ljﬁﬁ (10) ﬁj"fﬂ: ; Hﬂ‘}ﬂﬁ‘]

—i + w 2
xe 10T bwmt (7) AR AL

|w (t)> = e~ %(|a1|2+|a2|2+|a3\ Z ol a2a3 @3 {[Cg(n+2k+3d)2701(n+2k+3d)]wmt7c§(n+2k+3d)zsinwmt}

nfdzo VIRV
xeC2 (2D (BT =) (BT INT T )y ) (0),, - an
FIH Glauber A3 & (10) 2T (1) k5 Hh
¥ (t)=e" L (loa P +laz)*+|as]?) Z _afajag o3 c2(n+2k+3d)(Bn—5n")

n,k,d= 0\/>\/>\/>

« ei{ [c% (n+2k+3d)2 —c1 (n+2k+3d)]wmtfc§ (n+2k+3d)25inwmt}

X |n) s (k) g, 1) 5, |c2 (n+ 2k + 3d) n+Be~“m") . (12)

034206-2



Y 18 ¥ g Acta Phys. Sin.

Vol. 61, No. 3 (2012) 034206

(12) 22 ARG 7 R BB IR 1) (R ALK 2.

MU AT AW A

HoAa3) Xma, M0 <t < 2n/w, M, &
giab T A g, HYt = Tr/wm I, e 334 5
s A KAl g 2 4t = 21 /w, I,
|ca (n+ 2k+3d)n+ﬂe‘lwmt> 13),,.. B 5hid
FrEIR] T AIES, R =R S A
|¢>f — o (loalP+laz|*+]as|?)

n%:()ff\f

ei[cg(n+2k+3d)2fc1(n+2k+3d)]27r
)y,
=e Llea? Z Oqe

ei27r can® |’I’L> f

k) g, |d)

127rc1)

e~ 2|O‘2|

i4 srncl)”

00 (a2€—1 mey gl 7'rnc2>
> A
o k!

i i12 2ky 2

0o (ageflﬁﬂ'clel w(n+ )62)

,1|a3|2 Z
xXe 2
vl Vd!

i18mc2

ei87r cg

2
k),

1d) (13)
R LIt A SR A TR 812 S

5 o (B ), T LA R 2 A T 25 0772k, 2
ot BRI S, FRATHE T UL FILA R 2 g
T, Bk B AR AT R U, S TR A A T
5 IS B B T T S,

e

Meg=1/20F, ¢ =1r/2 08 r = /2mw, /A,
LLR R, H (13) (75

1+1 —imlr

(@) = —5— lone™™7)
—i2wir —i37ir
X |a2e >f2 |O[3€ >f3
1—-1 :
+ 5 ‘_ale—lﬂ'lr>fl

% |Oé2efi27'rl’r‘>f2 |_a367i37rl7‘>f3; (14)
Yoy = \/3/2 Bf,ep = \@l?‘/?, i (13) A A5

1-i —iv3rmlir
), = = Vatr)

(651

1

% ‘a2€—12\/§ﬂ'lr> ase

—13\f7rlr>
f2

7i\/§7rlr>

f3
1+i1

‘—ozle
1

% ‘a26—12\/§ﬂ'lr>
f2

X ‘—age_ig\/g””> ; (15)
f3
Yey = f/6 I, e1 = V/6lr /6, i (13) X3
— i YY_ 7i\/67rl'r/3
|¢>f i 3 ‘ are >f1
% ‘a2€7i2\/67rlr/3> efi\/g‘n'lr>
f2 f3
+1 1+i£ ’aleiw<1—\/glr)/3>
2 3 f1
% ‘a2612w(1—\/61r)/3> e—i\/gﬂ'lr>
f2 f3
1 V3 ,
212 ’ 717T(1+\/gl7‘)/3
+2< +13> are >f1
% ‘a2e—i27’r(1+\/gl’l‘)/3>
f2
x |~age VomiT) (16)
13
My = V3/3 1, ¢y = V/3Ir/3, th (13) A
3 )
|¢>f — 1\3[ ’ale—12\/§ﬁlr/3>f1
% ‘a2e—i4\/§7rlr/3> . e—12\f7rlr>
f2 f3

1 V3 i2r(1-v31ir)/3
+2Q‘13>Pﬁ )

% ’azei4ﬂ(1ﬂ/§lr)/3> 7i2\/§ﬂ'l’r‘>

agze
Ja

+1 (1 1\/§> ’ale—iQﬂ(1+\/§lr)/3>

E

2 3
147r(1+flr)/3>

[
X ’a e
f2
X ’a3e
\/6/3 I, ¢
V3 ‘a e
-
3 1

7i4\/€7rl7‘/3>

_i2\/§7TlT>f : (17)
3

— VBir/3, th (13) 5
—12\/€7rlr/3>

‘:LICQZ
|¢>f = 3

X ’0426 aze

7i2\/67rlr>
f2 f3

+1 1 -l-i@ ’alei2n(2—\/6lr)/3>
2 3 1
% ‘azei4ﬁ(2—\/élr)/3> —12\/67rlr>

Q3€
f2 f3

1 V3 —i2n(2+v61ir)/3
5 (1 + 13) ‘ale >f1

% ’a267i47r(2+\/6l7‘)/3>

f2

% ’agefiQ\/éﬂ'lT> : (18)
JE!

034206-3



)38 2 #f  Acta Phys. Sin. Vol. 61, No. 3 (2012) 034206

Moy = V2[4 1, ¢ = V2Ir /4, th (13) A
\/i alefi\/iwlr/2>
f1

9)p = —— (1+1)
3e—i3\/§wlr/2>

4
% ‘a2efiﬂ7rl7‘>

—\f(1+i)

% ’a2€—iﬁﬂlr>
f2

+% ’alefi\/iﬂ'lr/2>

(0%

f2
_ale—i\/ﬁwlr/2>
f1

3e—i3\/§ﬂ'lr/2>

I3

—Q

I3

J1

7i\/§7rl'r> o

% ‘_%e 3e—i3\/§7rlr/2>

f2
7i\/§ﬂlr/2>

f3
1 |
— |—Q€e
9 1
71\/§7rl7'>

J1

X ‘—O&ge
P

% ‘_age—i3\/§7rlr/2> (19)

2’
Yoy = \/6/4 I, e = \/617’/4, H (13) 45
2 .
) = — Y2 (1= 1) oA
% ‘QQe—i\/ETrlr>

Loy

% ‘04267i\/67r”>
2
+1 ‘alefi\/éﬂ'lr/2>
2
% _azefi\/éwlr>
f2

+% ’_ale—i\/éﬂ'lr/2>

1€
f1

SefiS\/éﬂ'lr/2>

«

f2
_Oélefi\/gﬂ’l'r/2>
f1

e—i3\/€ﬂlr/2>

I3

—a3

!

J1

(0%

3efi3\/67TlT/2>
f3

f1

X |—«

(20)

36713\/57rl7‘/2> :
f3
M ey = V10/4 1, ¢y = V10Ir /4, B (13) 45

61 =~ (4 fone P12y

% a2e—l\/10ﬂl7‘> a3e—13\/107rlr/2>
f2 f3

+

V2 —i\/ﬁnlr/2>

1 (1+1) |—ase .

% a2€—i\/1oﬂlr> _a367i3\/107rlr/2>
P

_|_1 ‘ale—imﬂlr/2>
2

% _QQe—i\/loﬂlT‘>

I3

f1
a36—13\/107rlr/2>

f2
—i\/ﬁﬂlr/2>

f3

+1‘
— |—Q1€
2 ! f1

X ’—0526

—i\/ﬁﬂlr>
f2

,13\/ﬁwlr/2> Q1)

X }—0536 ;
I3

Moy = V14/4 I, ¢; = V14Ir /4, B (13) X

|¢>f _ \f(l 7i) ale—i\/ﬁﬂlr/2>

% ’a26—1\/147rl7‘>

1

a3e—13\/ 147rlr/2>

f2
2 .

_[ (1 _ 1) ‘_ale—l\/ﬁﬂl’r’/2>
% ’a2€—i\/ﬁﬂ'lr>

f3

fi

_ase—13\/l4ﬂ'lr/2>

f2
1 .
+§ ’ale—lmﬂlr/2>

% _aze—i\/147rl7“>

I3

1

(&%

36—13\/ﬁnlr/2>
f2

J% ’_ale—i\/ﬁﬂ'lr/2>

% 7a26—ix/147rl7‘>

f3

J1

P

% _a3e—13\/ﬁ7rlr/2>f . 22)
3

(14)—22) R IUDAF I =B JAH 4, XLt
AP S A AR R AHAL 7, X LA A7 1 785
W T S AR B3 S AR BLAE F AR B 5, 1X L83
NS o B 98 R LU RTINS | A g R
[z,

5 4%

KR T, B8 TR Iesh ik ksl
LR IRAD) W, B TR ) 5 =B
IR R R GE, 4 T AR GEA I ) 35 A0 4T S 3
AR, 432 T ARG A o BB I TR (AL G R 4
REH, M0 <t <2m/wy, B, RGEL T Y,
Mt = 27w, N, JRBNID TR B THIE, =R
WAl T M YPEAR T2, JF BT B AN R 2] 28 T 25
A g5 T IV AR B = B A T3, XL
&SP EAAFRAALR 7, XA T 7875 S b
T AR B S A ELAE FRA L . XL g 2R
AR A R, Dy R A AT T 25 A S 0 1 2
BT EE N HR RS

Fi sk (14) Koy 4 5 Fa i 9

My = % B, e = %lr, i (13) 218 (14 R

034206-4



)38 2 #f  Acta Phys. Sin. Vol. 61, No. 3 (2012) 034206

wd?
xe2 ez |n>f1 |k>f2 |d>f3
c© oo oo —inlr\" —i2wir\k —i3wir\d
— e %(Ia1\2+\a2\2+\aslz)z Z Z (ale ) (O‘Qe ) (a3e )
ey ValVEWd!
iZn? i3wnd i2xd?
xe 2" e e In) g 1R) g, 1d) g,
|¢>f — 1 +1 ‘alefiﬂlr> a2€7i2ﬂlr> a387137rl7‘> + 1-1i ’_al 717rlr> a267i2ﬂlr> _a367137rlr>
2 f1 f2 f3 2 f1 f2 f3
oo 00 0O —imlr\" —i2rir\k —i3wir\d
o= A(erem TPt age 127 LT P age 13T LT %) Z Z Z (cre )" (aze )" (ase )
e NANENZ
1+i 1-—i n
x [ s L 1 by, ) b
co oo 0o —imlr —i2wlr —i3wir\d
= o e HazHasl) 3 3 (c1e™™')" (aze ) (ase )
n=0 k=0 d=0 VlVEW!
1+1 1-— 1 ) ( d
X [ > + 5 } In) ;, L) g, -
i Y m =0, A = B. ,
T . T T By m =kt A=pmp’ =1 1
A 12" i3 wnd 1 7rd :elzn eiﬂndelz w 2 2
¢ Mm=k+1H,
_ ei§<n+d>2 _ i(”d)z,
B o= ey A =0 S | L (1)t
I+i  1-i o \nta i—1 it+1
— -1 — _1)*
T Y =y
FIFIHC G5 TE A = B. _ 1;i %( 1)E+ = B,
L n+d=m, N
2
A =i, N A =B,
1+i 1-1 m =
B =—+—5 (17, e (14) .
m =0,1,2, (15)—(22) AT FAR R 524 5 F0IE .

[1]

[2]
[3]
[4]

[5]

7i7'rl'r)"7' (azefiQ‘rrlr)k (a3efi37rl'r)d

n=0 k=0 d=0
iZn? i27nk i2x k2 i3w(n+2k)d 12
e e (5

L(lo1 P+ az?+]as|? )Z i i aje

VnlVEWdl

Qu Z J, Liu S D, Yang C L, Ma X G 2010 Chinese Journal of
Quantum Electronics 27 63 (in Chinese) [ %, W& #, ¥k
B, TIGE 2010 3 HL TR 27 63]

Bose S, Jacobs K, Knight P L 1997 Phys. Rev. A 56 4175
Mancini S, Man’ko V I, Tombesi P 1997 Phys. Rev. A 55 3042
Wu C F, Chen J L, Kwek L C, Xue K 2005 Phys. Rev. A 71
022110

Zhang Y J, Ren T Q, Xia Y J 2008 Chin. Phys. B 17 789

(6]
(71

Zhang S B 2008 Chin. Phys. B 17 2143

Lu DM, Zheng S B 2009 Chin. Phys. B 18 1045
[8] Sanders B C 1992 Phys. Rev. A 45 6811

[9] Chai CL 1992 Phys. Rev. A 46 7187

[10] Zhou D L, Kuang L M 2009 Chin. Phys. B 18 1328

[11] Liu CL, Zheng Y Z 2006 Acta Phys. Sin. 55 6222 (in Chinese)

[XIME I, FIRIE 2006 P2k 55 6222]

[12] Cai X H, Guo J R, Nie J J, JiaJ P 2006 Chin. Phys. 15 488

034206-5



)38 2 #f  Acta Phys. Sin. Vol. 61, No. 3 (2012) 034206

Preparation of controllable three-mode entangled
coherent states

Qu Zhao-Jun! Ma Xiao-Guang Xu Xiu-Wei Yang Chuan-Lu

( College of Physics, Ludong University, Yantai 264000, China)

(Received 7 March 2011; revised manuscript received 19 April 2011)

Abstract
For a system composed of a three-mode cavity field interacting with a movable mirror, the time evolution operator of the system
and its transformation are given, and the time evolution of the system state is obtained by means of quantum theory. The result shows
that the state of the three-mode cavity field is in an entangled coherent state when the mirror returns to its original state, and the
preparations of different entangled coherent states can be controlled. Nine different three-mode entangled coherent states are given,
and the different phase factors of these states indicate the different reactions between the field and the movable mirror, which provides

an important theoretical basis for the experimental preparations of controllable entangled coherent states.

Keywords: controllable entangled coherent state, cavity with a moving mirror
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